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What are the Touchstone Fields?

SPACE TELESCOPE

® Concept introduced to the Calibration Working Group circa 2020

® Regions of the sky to be visited repeatedly by Roman to help its
calibration

®m Chosen for accessibility, favorable target properties, presence of specific
objects, etc

= Multiple fields to support different types of calibrations
= QOriginally presented to the Calibration Peer Review in July 2021

m Revisited now in preparation for Commissioning, but with an eye to regular
Mission activities

® The report is the result of work by the full Calibration Working Group
® Neil Zimmerman and | coordinated the effort
® Three main sections with different leads:
= Photometry: lead Ben Williams
- Astrometry: lead Andrea Bellini
- Spectroscopy: lead Greg Walth

®  Substantial contributions by: Vihang Mehta, Annalisa Calamida, Susana
Deustua, Jeff Kruk, Mario Gennaro, and many others

= |nput from Euclid Mission, thanks to Mischa Schirmer and others
® The report has gone through internal reviews by the Calibration WG
®m The last round will start this Friday

February 26, 2025 Touchstone Fields Report



NANCY GRACE

ROMAN

Recommended Touchstone Fields

SPACE TELESCOPE

Location Optical Time needed
(RA, Dec) elements | (first obs)

LMC Astrometric  80.5, -69.5 Photometry, Imaging
Field Astrometry (all filters)
Kepler Survey 290.7, 44.5 Photometry, Imaging 12h
Field chromatic terms (all filters)
SMC-SMP-20 14.0, -70.3 Prism wavelength  Prism 5.4h
(planetary calibration
nebula)
NGC 2516 119.5, -60.8 Grism wavelength  Grism 2h
(Southern calibration
Beehive)
Euclid Deep Field 269.7, +66.0  Spectroscopy Grism, 7h
North relative flux Prism

calibration

February 26, 2025 Touchstone Fields Report 3



NANCY GRACE

ROMAN

Photometry: goals

SPACE TELESCOPE

° Provide uniform (relative) photometric calibration to 5 mmag
over the instrument field of view

° Provide uniform photometric calibration to 2 mmag over sub-
FOV scales (~ 1000 x 1000 pixels)

* Characterize photometric impact of bandpass variations to 2
mmag over the instrument FOV

* Track temporal variations of the photometric response to 5
mmag (preferably 2 mmag), averaged over the instrument field
of view

These goals need not be achieved in full during Commissioning,

but should be supported by the choice of Touchstone Fields
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Primary Photometry Field

® The primary Photometry Touchstone Field is located on the bar of the Large
Magellanic Cloud

High density of stars accessible to Roman for acurate photometry (S/N ~ 100 in 60s)
Very few excessively bright stars

In Roman CVZ

Shared with Astrometry (discussed later)

A region of 1.5x0.9 degrees will be covered by large dithers

The actual orientation depends on launch date
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Photometry: large scale flat field

® Characterize variation in photometric response over full WFl FoV
= Multiple observations of the target region with dithers up to 30 arcmin
= Actual dither pattern driven by astrometry (shared observations)

® Over 50k stars observed at high S/N at multiple detector locations

® Solve for relative photometric response vs field position

® Nominal accuracy < 0.001 mag per 100”x100”region (assuming
photometry floor of 0.01 mag per source)

® Gray response only — chromatic terms need second field

LMC astro/photometric field - centered at 80.50 -69.49; 80514 H < 15 sources in 1 deg radius
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Photometry: Chromatic terms

SPACE TELESCOPE

® WEFI has significant effective bandpass variations over FoV
®m Measured and carefully modeled in TVAC (analysis by Eric Switzer)
= On-orbit measurement needed to validate ground-based model

® Requires large-scale response characterization for sources with
different SED

®m Same as photometric uniformity, but with broader range of sources
m Kepler field offers high source density, different spectral type from LMC

® Joint analysis of LMC and Kepler field will identify and characterize
chromatic terms to 1-2 mmag

® Ground-based models needed to direct the analysis
Kepler field - centered at 290.70 44.50; 45572 H < 15 sources in 1 deg radius
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LMC and Kepler field - CMDs
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====EE Temporal variations; other options

SPACE TELESCOPE

® For temporal variations, repeat visits to either field

® Both in CV/Z, so accessible year-round

= Only a subset of dithers needed

= More detailed observations can be executed if variations are seen
® Other fields could be considered if needed

= Draco Dwarf Spheroidal offers very low metallicity sources, but low
source density

= Euclid Deep Fields and Self-calibration Field to cross-calibrate with
Euclid mission; also low source density

® 30 Doradus field in LMC has high density of very young sources, but
structured background

® 47 Tuc, o Cen offer high density of sources and match HST and
JWST, but have highly variable source density
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EEEEEE Astrometry

SPACE TELESCOPE

® Primary Goal: Determine the geometric distortion of the WFI to
better than 0.01 pixels across the focal plane

® Obtain precise and accurate position measurements of point
sources
= Main requirement: large field (2x2 FoV) with high source density

- Need both large (~ FoV) and small dithers to sample all relevant
scales

- Need different roll angles to measure skew — hence CVZ

® (Gaia sources are required to constrain the solution (e.g., scale)
and provide additional validation

® The LMC field identified for photometry is also ideal for
astrometry
®m Source distribution close to uniform

= Number and brightness of sources allow reaching S/N > 100 in 1
minute

®= Few excessively bright stars to cause “holes” in the solution
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Astrometry field

SPACE TELESCOPE

® Field overlaps (much smaller) JWST Calibration Field
m Used to obtain JWST astrometric solution

= Note: Orientation depends on time of the year (thus launch date
for Commissioning)

Large Magéflanic Cloud
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Astrometry: dithering plan

SPACE TELESCOPE

® Astrometry requires more extensive dithering
®m A set of ~100 dithers will provide the required solution quality
® A total of ~100 dithers are needed (analysis by Bellini 2024)
m 7X7 pattern to cover scales < 1 detector
m Ox5 pattern to cross-constrain detectors, including their relative position
= 6 roll dithers (must be executed after Commissioning)
® Will yield geometric distortion to better than 0.01 pixels over the full FoV
® Time required ~ 24 hr (all filters, all exposures)
® Includes all dithers needed for photometric observations

“small-dither” 7x7 pointing set “large-dither” 9x5 pointing set “roll-angle” 6 pointing set
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Spectroscopy

SPACE TELESCOPE

Goals:

® Measure the large-scale chromatic illumination pattern (relative
flux calibration)

® Monitor variations in throughput over the full FoV

® Determine blue-edge and wavelength solutions over the field of
view to measure and monitor variations in the wavelength
calibration

Recommendations:
® Euclid Deep Fields (North or South) for relative flux calibration

® Southern Beehive for Grism wavelength calibration and
monitoring

® Planetary nebula SMC-SMP-20 for prism wavelength calibration
and monitoring

m Alternate fields have been identified as backups
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Spectroscopy: relative flux

SPACE TELESCOPE

® Primary fields: Euclid Deep Field (North or South)
®m Each is about 20 square degrees and in the Roman CVZ
= Will be observed with Euclid over 40+ visits each
® Roman observations at multiple dithers will provide relative flux calibration

m Stars with Hag ~ 17 will provide S/N ~ 100 in 300s per resolution element in
the prism, and averaged over a few resolution elements for grism

= Multiple dithers (~20) will provide coverage of the FoV and a solution over
15”x15” regions

® 3.5 hours per visit required (for Prism and Grism each)
= White Dwarfs in each field provide a path to absolute flux calibration

17th Mag KO.51ll star
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misss=  Euclid Deep Field North and FoV

SPACE TELESCOPE
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Spectroscopy: Grism wavelength

SPACE TELESCOPE

® Primary field: Southern Beehive (NGC 2516), rich open cluster in
Roman CVZ
= High density of young stars over a large fraction of Roman FoV
= Absorption lines (e.g., Paschen B) in young stars easily measured in
grism
= About 100 stars per detector to Rp ~ 17
® Multiple rolls may help avoid contamination
= About 13% of pixels have contribution from multiple stars to Rp ~ 19
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Grism wavelength (cont.)

SPACE TELESCOPE

® Some concern with very bright stars in the field
® Possible backups:
® NGC 6811 (in Kepler Survey Field)
= Only covers 3 detectors, may require more pointings
- Spectral contamination ~ 10%
® Using galaxies as wavelength references
- Spectra available in well-studied fields (e.g., COSMOS, EGS, GOODS North)
- Emission line galaxies from Roman surveys or ground observations
- More work needed if these options needs to be pursued

Southern Beehive Centered on 119.527 -60.800
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Spectroscopy: Prism wavelength

SPACE TELESCOPE

® Stellar absorption lines unlikely to provide good calibration at
prism resolution

® Target compact Planetary Nebula with multiple emission lines
® Best candidate: PN SMC-SMP-20

® |dentified and observed by Euclid team (only suitable candidate
found)

®m About 0.2” in HST images

® VLT observations (R ~ 4000) available to provide wavelength
reference

® Observations:

® 3 positions per detector, 400s per exposure; total 5.4 hours (plus
overheads) per execution

® Potential alternatives (if needed):
= SMP LMC-058, NGC 6543 (used by JWST)
= Fainter PN in the atlas produced by the Euclid collaboration
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Summary

SPACE TELESCOPE

® We have identified good target fields for key WFI calibration
activities

® These targets are accessible throughout the mission, regardless
of launch date

® We expect first observations to take place during
Commissioning, with follow-up to verify stability and calibration
quality as needed

= Some additional observations at different roll angles may need to
take place after Commissioning is concluded

® Several backup options have also been identified
= |[f needed, the backups may need further analysis
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